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Tobacco and tobacco smoke contain
numerous biologically active substances,
including various alkaloids that are struc-
turally related to nicotine.' Nicotine is the
major pharmacologically active substance in
tobacco. Most smokers are dependent on
nicotine, and nicotine may play a role in the
development of cardiovascular disease and
reproductive disturbances.2'3 Other tobacco
alkaloids, when tested in animals, are phar-
macologically active but less potent than
nicotine-for example, nornicotine and
anabasine.4 Very little is known about the
pharmacological effects of the minor
tobacco alkaloids in humans. Anabasine
administered orally or sublingually has been
reported to aid smoking cessation and to
have cardiovascular effects.5 We are unaware
of any other published accounts of studies of
the human pharmacology of the minor
tobacco alkaloids.

Exposure to nicotine-related alkaloids
may also have toxicological significance.
Some of the minor tobacco alkaloids are sec-
ondary amines and may be nitrosated during
the storage of tobacco products or in vivo to
give carcinogenic nitrosamines.6 Nicotine
and related alkaloids may be metabolized via
chemically reactive intermediates, which
may be capable of alkylating and altering the
function ofmacromolecules.7-9

Concentrations of nicotine and its
metabolites (primarily cotinine) in biological
fluids are frequently used to ascertain
whether or not a person is using tobacco and
to estimate nicotine intake. 10-14 However,
nicotine and its metabolites cannot be used to
assess tobacco use in persons using nicotine
gum, transdermal patches, nicotine inhalers,
or other nicotine medications. Since minor
alkaloids are present in tobacco but not in
nicotine-containing medications, their mea-
surement in biological fluids could be useful
for detecting tobacco use in persons undergo-
ing nicotine replacement therapy.

Nornicotine, anatabine, and anabasine
are the most plentiful of the minor alkaloids
in tobacco.'5 Nornicotine is also a minor
metabolite of nicotine in humans.16 This
study reports on the levels of the alkaloids
nornicotine, anabasine, and anatabine, as
well as nicotine and cotinine, in the tobacco
of various tobacco products and in the urine
of persons using such products. Levels of
these alkaloids were compared with nicotine
intake, an index of tobacco consumption, to
assess their usefulness as markers for tobacco
use or exposure. Half-lives based on rates of
urinary elimination of anabasine, anatabine,
and nornicotine were also determined.

Methods

Subjects

Thirty-four healthy men, aged 20 to 62
years, who were habitual cigarette smokers,
smokeless tobacco users, cigar smokers, or
pipe smokers were recruited through newspa-
per advertisements. The 12 cigarette smokers
(1 Black, 10 Whites, 1 Hispanic) smoked an
average of 28 cigarettes per day (range =
15-40). Their screening plasma cotinine levels
averaged 236 ng/mL (range = 72-497 ng/mL).
The 9 smokeless tobacco users (3 Blacks, 6
Whites) used popular brands of oral snuff
(Copenhagen or Skoal) or chewing tobacco
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(Red Man). The screening cotinine levels in
these subjects averaged 230 ng/mL (range =
10-436 ng/mL). The 5 pipe smokers (3
Blacks, 2 Whites) smoked 5 brands oftobacco
(Captain Black, Borkum Riff, Mixture 79,
Cherry Blend, or Drum) and had an average

screening plasma cotinine level of 233 ng/mL
(range = 17-442 ng/mL). The 8 cigar smokers
(3 Blacks, 5 Whites) smoked an average of 5

(range = 2-10) small cigars daily (Garcia y

Vega, Tijuana Smalls, Tiparillo, Swisher
Sweets, or Wm. Penn, ranging from 90-125
mm in length, 10-12 mm in diameter, and
1.5-3.7 g in weight) and had an average

screening plasma cotinine concentration of
397 ng/mL (range = 25-542 ng/mL). Written,
informed consent was obtained after the pro-

cedures were fully explained. The study was
approved by the Committee on Human
Research at the University of California, San
Francisco.

Experimental Protocol

Subjects were admitted to the General
Clinical Research Center at San Francisco
General Hospital for 5 days. During the first 3
days, the subjects were allowed to use their
usual form of tobacco as desired. No tobacco
use was permitted during the last 2 days.
Urine was collected over 24 hours ofeach day
for the first 3 days to measure tobacco alka-
loid excretion. On the morning of the second
day, subjects were given an intravenous infu-
sion of deuterium-labeled nicotine (3',3'-
dideuteronicotine, 2 jig/kg/min over 30 min-
utes). This infusion protocol produces peak
blood levels oflabeled nicotine comparable to
those seen in subjects during cigarette smok-
ing.'7 Blood samples were collected at 0, 10,
20, 30, 45, 60, 75, 90, 120, 180, 240, 300, and
360 minutes to determine nicotine clearance
(CLnic-d2). On the third day of each study

block, while subjects continued ad libitum use
of tobacco, blood samples were collected via
an indwelling butterfly catheter every 2 hours
from 8:00 AM until 12 midnight and at 4:00
AM and 8:00 AM the next morning. Plasma
nicotine levels from samples collected during
this period were used to determine nicotine
intake from tobacco. On days 4 and 5, sub-
jects were required to abstain from tobacco
use. Urine was collected in 8-hour blocks to
determine excretion rates and elimination
half-lives ofthe various alkaloids.

Tobacco products in the categories of
domestic cigarettes (13 brands), oral snuff
(4 brands), chewing tobacco (3 brands),
pipe tobacco (3 brands), and cigars (5
brands) were purchased from stores in the
San Francisco Bay area and kept sealed in
their original packages until the alkaloid
content was analyzed.

Analytic Chemistry

Plasma and urine concentrations of
nicotine, cotinine, and deuterium-labeled
nicotine were determined by combined gas
chromatography-mass spectrometry as

described previously. 18 The cost of these
assays was $50 per sample. Urine concen-

trations of anabasine, anatabine, and nor-

nicotine were determined by a published
gas chromatography-mass spectrometry
method.19 The cost of these assays was $80
per sample. Concentrations of alkaloids in
tobacco products were determined by the
above methods, after extraction from
tobacco, by using a published procedure.20
Samples were assayed in duplicate.

Data Analysis

Pharmacokinetic parameters for nico-
tine and cotinine were determined by model-

independent methods.13 The 24-hour dose of
nicotine systemically absorbed from
tobacco was determined from the area under
the plasma concentration time curve for nat-
ural nicotine during ad libitum tobacco use

on day 3 and from the clearance of labeled
nicotine, as described previously.'7 Pearson
correlation coefficients between intake of
nicotine from tobacco with urine concentra-
tions and 24-hour urinary excretion of alka-
loids were computed by linear regression by
using the software package Systat (version
8.0, SPSS Inc, Chicago, Ill). Elimination
half-lives were determined by linear least
squares regression of the log urinary excre-

tion rate vs time curves. Comparisons of var-
ious parameters across different types of
tobacco were made by analysis of variance.

Results

Levels of nicotine, nornicotine, anaba-
sine, and anatabine in various commercial
tobacco products are presented in Table 1.
These products were not necessarily the same

as those used by our subjects, but they are rep-
resentative of the most popular American
brands. Nicotine concentrations ranged from
6.5 to 17.5 mg/g and accounted for more than

90% of the total alkaloids in all forms of
tobacco. The concentration of nicotine was
lowest in chewing tobacco and highest in ciga-
rette tobacco. As a percentage ofthe total alka-
loids, nicotine in cigar tobacco was signifi-
cantly less than in other forms of tobacco
(P < .005). The concentrations of nomicotine
were highest in cigar tobacco and lowest in
chewing tobacco; the range was 0.17-0.66
mg/g. As a percentage of total alkaloids, nor-

nicotine was also highest in cigar tobacco,
with differences from other tobacco products
significant (P < .005).
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TABLE 1-Concentrations of Alkaloids in Commercial Tobacco Productsa

Type of Tobacco

Cigarette Oral Snuff Chewing Pipe Cigar
Alkaloid (13 Brands) (4 Brands) (3 Brands) (3 Brands) (5 Brands)

Nicotine, mg/g (SD)b 17.5 (2.20) 13.5 (4.07) 6.49 (3.27) 14.4 (2.10) 9.13 (0.822)
Nicotine, % of totalc 96.2 97.9 96.5 97.0 91.9
Nornicotine, mg/g (SD)b 0.382 (0.071) 0.173 (0.034) 0.140 (0.016) 0.199 (0.044) 0.658 (0.4)
Nornicotine, % of totalc 2.11 1.32 2.35 1.37 6.54
Anabasine, mg/g (SD)b 0.030 (0.0039) 0.017 (0.0025) 0.0085 (0.0020) 0.029 (0.0081) 0.029 (0.0030)
Anabasine, % of totalc 0.16 0.13 0.14 0.20 0.29
Anatabine, mg/g (SD)b 0.271 (0.034) 0.084 (0.024) 0.0650 (0.024) 0.214 (0.068) 0.127 (0.036)
Anatabine, % of totalc 1.49 0.62 1.01 1.48 1.28

aAnalyses were run in duplicate from domestic cigarettes, oral snuff, chewing tobacco, pipe tobacco, and cigars purchased in retail stores in
the San Francisco area.

bAlkaloids were extracted from weighed portions of tobacco, and concentrations of alkaloids in the extracts were used to calculate
concentrations in milligrams of alkaloid per gram of tobacco.

cConcentrations of the alkaloids were used to calculate levels of each as a percentage of the total alkaloids.
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Concentrations of anabasine ranged
from 0.0085 to 0.029 mg/g and were lowest in
the smokeless tobacco products. As a percent-
age of total alkaloids, anabasine was signifi-
cantly higher in cigar tobacco than in the other
tobacco products (P< .001). Anabasine as a

percentage of the total was also significantly
lower in oral snuff than in cigarette and pipe
tobacco (P< .05). Anatabine concentrations
ranged from 0.065 to 0.271 mg/g. Concentra-
tions of anatabine were highest in cigarette
tobacco and lowest in smokeless products.
Anatabine as a percentage of the total alka-
loids was significantly higher in cigarette
tobacco than in smokeless tobacco products
(P< .005). The percentage ofanatabine in oral
snuff was significantly lower than in other
tobacco products (vs chewing tobacco,
P< .05; vs all others, P< .001).

The mean concentrations and 24-hour
urinary excretion of anabasine, anatabine,
and nornicotine, as well as nicotine and its
metabolite cotinine, in persons using various

tobacco products ad libitum are presented in
Table 2. The excretion of anabasine and anat-
abine was highest in smokeless tobacco
users. The excretion of nicotine was highest
in cigarette smokers, and the excretion of
cotinine was highest in pipe smokers. Cigar
smokers excreted the lowest levels of all alka-
loids except nornicotine.

The intake of nicotine from persons
using different tobacco products is given in
Table 3. The daily intake of nicotine was

highest in cigarette smokers, averaging 32.5
mg/day and with a range of 5.8-53.8 mg/day.
The intake of nicotine was lowest in cigar
smokers, averaging 14.6 mg/day.

The correlations between concentrations
(8-hour collection) and urinary excretion (24-
hour collection) of various alkaloids mea-

sured during ad libitum tobacco use and nico-

tine intake from tobacco were examined
(Table 3). Generally, correlations of alkaloid
levels with nicotine intake were good. For
cigarette smokers, correlations of nicotine
intake from tobacco with concentrations and
with 24-hour urinary excretion of all 3 minor
alkaloids, nicotine, and cotinine were statisti-
cally significant. The best correlations were

for excretion of anabasine (r = 0.79, P<.01),
nomicotine (r = 0.80, P < .01), and cotinine
(r = 0.97, P < .001) (Table 3, Figure 1). Simi-
lar results were obtained for cigar smokers,
smokeless tobacco users, and pipe smokers,
although the correlations did not in all cases

reach statistical significance. Correlations of
nicotine intake with alkaloid levels deter-
mined for all subjects as a group, and for sub-
jects using smoked tobacco grouped together,
were highly significant.

The elimination half-lives of the alka-
loids on the basis of urine excretion rates over

48 hours following cessation of tobacco use

were as follows: anabasine, 15.9 hours
(SD = 5.3, range = 10. 1-26.8); anatabine, 9.6
hours (SD = 3.7, range = 5.8-15.4); nornico-
tine, 11.6 hours (SD = 4.2, range = 6.4-26.6);
nicotine, 11.2 hours (SD= 6.3, range=

3.7-30.7); cotinine, 19.5 hours (SD = 7.0,
range = 10.2-37.5).

Discussion

Our study presents several novel find-
ings. First, we report levels of various tobacco
alkaloids, including the minor alkaloids
anabasine, anatabine, and nornicotine, in dif-
ferent types of commercial tobacco products.
Second, urine concentrations and excretion
data for these alkaloids in users of different
tobacco products are presented, including new
information on elimination half-lives. Third,

systemic nicotine intake with regular use of
cigars and pipe tobacco is reported for the first
time. And fourth, urine levels of the minor
alkaloids are shown to correlate well with sys-

temic nicotine intake from various tobacco
products, indicating the potential for use as

biomarkers of tobacco intake in individuals
using nicotine replacement medications.

As expected, nicotine was the major
alkaloid in all tobacco products, but the con-

centration of nicotine varied considerably
depending on the type. Concentrations were

similar in cigarette, pipe, and oral snuff
tobacco-approximately 1.5% by weight-
but were only about half of this in cigar and
chewing tobacco (Table 1). As a percentage
of the total alkaloids, levels of anabasine
were significantly lower in oral snuff than in
the other tobacco products. Anabasine is a

precursor for a carcinogenic nitrosamine,
N-nitrosoanabasine. It has been reported that
levels of tobacco-specific nitrosamines,
including N-nitrosoanabasine, increase dur-
ing the storage of smokeless tobacco prod-
ucts.2' Conceivably, the lower levels of anab-
asine in oral snuff are due to its conversion to
N-nitrosoanabasine and/or other degradation
products during the curing of the tobacco.

Nicotine absorption, and the absorption
of other substances from tobacco, depends
not only on the amounts present in the
tobacco consumed but also on how the
tobacco is used. For smoked tobacco prod-
ucts, much of the nicotine and other sub-
stances are pyrolyzed or lost in sidestream
smoke. There is considerable variability in
smoking behavior, and smokers are able to
control to a remarkable degree their nicotine
absorption to achieve desired levels in the
body.20'22'23 With smokeless products, sys-
temic absorption depends on how much is
absorbed through buccal membranes and how
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TABLE 2-Eight-Hour Urine Concentrationsa and 24-Hour Excretionb of Tobacco Alkaloids During Ad Libitum Use of Various
Tobacco Products by Human Subjects in a Research Ward

Cigarette Smoking Smokeless Tobacco Cigar Smoking Pipe Smoking
Alkaloid (n=12) (n=9) (n=8) (n=5)

Anabasine, ng/mL (range) 6.20 (0.5-13.6) 6.33 (0.5-15) 2.84 (0.5-6.96) 5.87 (0.5-17.4)
Anabasine, pg/24 h (SD) 15.5 (11.5) 19.7 (18.2) 8.22 (6.67) 8.74 (8.68)
Anatabine, ng/mL (range) 11.5 (0.5-54.4) 14.9 (0.5-49.9) 2.84 (0.5-8.19) 4.60 (0.5-14.0)
Anatabine, pg/24 h (SD) 24.1 (25.3) 39.3 (40.2) 8.64 (8.03) 6.58 (6.25)
Nornicotine, ng/mL (range) 50.0 (3.39-121) 30.7 (1.74-98.2) 35.9 (3.4-88.4) 21.1 (0.5-46.3)
Nornicotine, pg/24 h (SD) 142 (108) 114 (165) 110 (95.7) 58.8 (67.8)
Nicotine, ng/mL (range) 1160 (100-3540) 732 (1-2530) 289 (20.0-820) 1107 (62.8-2530)
Nicotine, pg/24 h (SD) 2720 (2370) 1510 (1850) 896 (901) 1980 (2320)
Cotinine, ng/mL (range) 1280 (167-2380) 919 (122-2210) 670 (90.3-1210) 1358 (134-3610)
Cotinine, pg/24 r (SD) 3360 (2070) 2050 (2130) 1740 (1410) 3759 (5400)

aUrine was collected from 8 AM to 4 PM during ad libitum tobacco use. Concentrations were determined by gas chromatography-mass
spectometry analysis of pooled urine collected during this period.

bUrine was collected during a 24-hour period of ad libitum tobacco use. Urinary excretion was determined from alkaloid concentrations and the
volume of urine excreted.
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much of what is swallowed escapes first-pass
metabolism by the liver. For these reasons, a

good estimate of absorption of nicotine or

other toxic substances cannot be obtained by
simply determining the amount of tobacco
consumed.

We have previously described a method-
ology for determining nicotine intake from
tobacco.'7'22 This methodology is analogous
to the pharmacokinetic techniques used in
drug bioavailablity studies. In the present
study, the intake of nicotine was determined
in human subjects by using various commer-
cial tobacco products (Table 3). The systemic
dose of nicotine (nicotine intake) can be used
as an index of an individual's exposure to
tobacco-derived toxins that are absorbed into
systemic circulation.

We have previously reported the daily
intake of nicotine from cigarette smoking
and the use of smokeless tobacco.22'24 We
report here for the first time nicotine intake
from cigar smoking and pipe smoking. The
daily intake ofnicotine, averaging 15 mg and
20 mg per day for the 2 groups, respectively,
is similar to that taken in by typical cigarette
smokers and smokeless tobacco users. Our
findings are consistent with observations in
a small study of plasma nicotine levels in
smokers of small or large cigars2526 and plasma
cotinine levels in regular pipe smokers.27

Estimating systemic exposure to nico-
tine and other toxins from tobacco is of inter-
est to epidemiologists studying the risks of
using various tobacco products and the haz-
ards of exposure to environmental tobacco
smoke. Such determinations are also of inter-
est in the development of tobacco cessation
treatments, since an objective measure of
treatment outcome is needed. Measuring the

levels of nicotine and its metabolite cotinine
in biologic fluids is commonly used to quan-

titate tobacco use,'1'2 and levels ofthese sub-
stances have been correlated with nicotine
intake.'4 However, nicotine and cotinine can-

not be used to assess tobacco use in persons

using nicotine-containing medications. Since
the alkaloids anabasine and anatabine are

present in tobacco but are not present in nico-
tine-containing medications and are not
metabolically derived from nicotine, these
alkaloids should be useful for estimating
tobacco consumption during nicotine replace-
ment therapy. To assess the utility of minor
alkaloid measurement as a quantitative mea-

sure of tobacco use, we examined the corre-

lation between concentrations and 24-hour
urinary excretion of anabasine and anata-
bine-as well as ofnomicotine, nicotine, and
cotiine-during ad libitum tobacco use and
nicotine intake (Table 3).

Most correlations between nicotine
intake and levels of anabasine and anatabine
in the urine of subjects using various tobacco
products were high, with correlation coeffi-
cients (r) ranging from 0.47 to 0.94 (Table 3),
although the small sample size for users of
some of the tobacco products may limit the
generalizability of these results. The concen-

trations and excretion rates of nicotine and
cotinine correlated well with nicotine intake
from cigarettes, as we have reported previ-
ously,'4 as well as with nicotine intake from
smokeless tobacco use and cigar and pipe
smoking, which has not been previously
reported. Our data provide a basis for the use

ofmeasurements of concentrations of anaba-
sine and anatabine in urine for estimating the
extent of tobacco use during treatment with
nicotine-containing medications. Of note, we

have found that persons using nicotine gum
but abstaining from tobacco do not excrete
measurable amounts of anabasine or anata-
bine, confirming that nicotine gum does not
contain significant levels of these alkaloids
(unpublished results).

The sensitivity for detecting occasional
tobacco use will depend not only on the ana-

lytic sensitivity for measuring anabasine and
anatabine levels but also on the rate of elim-
ination of these substances from the body.
Consequently, we determined the half-lives
of anabasine and anatabine from urinary
excretion data obtained during tobacco
abstinence. Both substances have relatively
long half-lives, about 16 hours for anabasine
and about 10 hours for anatabine. We are

aware of only 1 other study of the elimina-
tion rate of minor alkaloids in humans.
Beckett et al. reported data in 2 individuals
given oral anabasine and nornicotine.28
Half-lives of 4 hours were reported for each
alkaloid. Our data, in contrast, are derived
from a much larger number of subjects, a

much longer urine collection period, and the
use of a more sensitive assay methodology,
which would explain the longer half-lives
found in our study. Therefore, with a limit of
quantitation of 1 ng/mL, levels should be
detectable for I to 2 days following smoking
cessation in a typical cigarette smoker, and
somewhat longer in persons using smoke-
less tobacco.

Of interest is the finding that the elimi-
nation half-life of nicotine as based on urine
excretion data averaged 11 hours. This is
much longer than the half-life of 2 to 3 hours
based on plasma concentrations.'4'17 The
likely explanation is the slow release of nico-
tine from high-affinity tissue-binding sites.
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TABLE 3-Nicotine Intakea From Tobacco and Correlation of Nicotine Intake With 8-Hour Urine Concentrationsb and 24-Hour
Excretionc of Alkaloids by Human Subjects During Ad Libitum Tobacco Use in a Research Ward

Cigarette Smokeless Cigar Pipe All Types All
Smoking Tobacco Smoking Smoking Smoked Tobacco Subjects

Measure (n=12) (n=9) (n=8) (n=5) (n=24) (n=34)

Nicotine intake, mg/24 h (SD) 32.5 (16.3) 20.3 (14.4) 14.6 (12.3) 19.5 (18.0) 24.3 (16.9) 25.6 (20.7)
Nicotine intake, mg/24 h (range) 5.8-53.8 0.55-43.0 3.1-33.1 4.82-37.7 3.09-53.8 0.55-53.8
Anabasine concentration, r 0.70* 0.52* 0.70 0.69 0.69**** 0.61
Anabasine excretion, r 0.79** 0.47 0.94** 0.79 0.86**** 0.61*
Anatabine concentration, r 0.62* 0.59* 0.69 0.65 0.64**** 0.55****
Anatabine excretion, r 0.70* 0.62 0.86** 0.70 0.72**** 0.52**
Nornicotine concentration, r 0.74** 0.36 0.81 * 1.00**** 0.77**** 0.68****
Nornicotine excretion, r 0.80** 0.16 0.97**** 0.80 0.79**** 0.56***
Nicotine concentration, r 0.69* 0.73* 0.72* 0.89 0.75**** 0.75****
Nicotine excretion, r 0.72** 0.76* 0.70 0.72 0.77**** 0.77****
Cotinine concentration, r 0.80** 0.80** 0.80* 0.93 0.76**** 0.77****
Cotinine excretion, r 0.97**** 0.32 0.90** 0.97* 0.77**** 0.70****

aSystemic nicotine intake from tobacco was determined through pharmacokinetic techniques during a 24-hour period of ad libitum tobacco use.
bSee footnote a, Table 2.
cSee footnote b, Table 2.
*P < .05; **P = .01; ***P = .005; ****P < .001.
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FIGURE 1-Correlations of nicotine intake with anabasine (upper panel) and
cotinine (lower panel) concentrations in urine of 12 human subjects
smoking cigarettes ad libitum in a research ward.

The resulting levels of nicotine are too low to
be measured in plasma, but they can be mea-
sured in urine because concentrations ofnico-
tine are much higher in urine than in plasma.
In contrast, for cotinine, which is much less
avidly taken up by tissue, the elimination half-
lives derived from urine excretion data and
plasma level data are similar.'4'29

In conclusion, we provide novel data on
minor alkaloid levels in tobacco products and
in users of these products. Our data suggest
that measurement ofanabasine and anatabine
levels in urine has the potential to be a bio-
marker of tobacco consumption and expo-
sure to toxic substances in tobacco, even in
individuals using nicotine-containing med-
ications, since such medications do not con-
tain these alkaloids. DG
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